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16.  Absiraet 

During  the  past  several  years,  the  Federal  Aviation  Regulations  (FAR)  have 
been  significantly  modified  with  respect  to  seat/restraint  system  sti"ength, 
attachment  of  seats  to  the  aircraft  structure,  and  the  means  by  which  they  are 
to  be  evaluated.  Aircraft  accident  data,  human  tolerance  levels,  and  aircraft 
structural  characteristics  have  been  considered  in  the  development  of  these 
new  standards.  Dynamic  testing  is  now  required  for  seats  to  be  installed  in 
general  aviation  aircraft,  transport  category  aircraft,  and  rotorcraft. 
Performance  criteria  are  similar  to  those  specified  by  the  Federal  Motor 
Vehicle  Safety  Standards  for  automobiles  but  also  include  a  limit  on  "pelvic 
force,"  in  order  to  prevent  spinal  injuries  which  may  be  caused  by  the 
vertical  component  of  impact  force.,  A  category  of  aircraft  that  has  not  as 
yet  been  affected  by  the  rule  modifications  is  the  commuter  type  aircraft, 
which  seat <3  10  to  19  passengers.  Since  this  airplane  is  closer  in  size  to 
general  aviation  aircraft  than  to  large  transports,  it  is  also  covered  by  FAR 
Part  23.  The  Federal  Aviation  Administration  is  currently  involved  in  the 
conduct  of  a  test  program  addressing  commuter  aircraft  occupant  crash  safety. 
In  support  of  this  effort,  a  research  program  the  includes  full-scale  aircraft 
drop  teste,  sled  tests  of  seats,  and  computer  simulations  is  being  conducted. 
This  report  describes  the  use  of  the  SOM-LA  (Seat /Occupant  Model  -  Light 
Aircraft)  program  in  modeling  three  commuter  aircraft  seats.  The  predicted 
response  of  the  seats  to  a  potential  set  of  test  conditions  is  described. 
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EXECUTIVE  SUMMARY 


During  the  past  several  years,  the  Federal  Aviation  Regulations  (FAR)  have  been 
significantly  modified  with  respect  to  seat^estraint  system  strengtli,  attachment  of  seats  to  the 
aircraft  structure,  and  the  means  by  which  they  are  to  tS;  evaluated.  Aircraft  accident  data,  human 
tolerance  levels,  and  aircraft  structural  characteristics  have  been  considered  in  the  development  of 
these  new  standards.  Dynamic  testing  is  now  required  for  seats  to  be  installed  in  general  aviation 
aircraft,  transport  category  aircraft,  and  rotorcrafi.  Performance  criteria  are  similar  to  those 
specified  by  the  Federal  Motor  Vehicle  Safety  Standards  for  automobiles  but  also  include  a  limit  on 
"pelvic  force,"  in  order  to  prevent  spinal  injuries  which  may  be  caused  by  the  vertical  component 
of  impact  force.  A  category  of  aircraft  that  has  not  as  yet  been  affected  by  the  rule  modifications  is 
the  commuter  type  airc^t,  which  seats  10  to  19  passengers.  Since  this  airplane  is  closer  in  size  to 
general  aviation  aircraft  than  to  large  transports,  it  is  also  covered  by  FAR  Part  23.  The  Federal 
Aviation  Administration  is  currently  involved  in  the  conduct  of  a  test  program  addressing 
commuter  aircraft  occupant  crash  safety.  In  support  of  this  effort,  a  research  program  that  includes 
full-scale  aircraft  drop  tests,  sled  tests  of  seats,  and  computer  simulations  is  h«ing  conducted-  This 
report  describes  the  use  of  the  SOM-LA  (Seat/Occupant  Model  -  Light  Aircraft)  program  in 
modeling  three  commuter  aircraft  seats.  The  predicted  response  of  the  seats  to  a  potenti^  set  of  test 
conditions  is  described. 
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During  the  past  several  years,  the  Federal  Aviation  Regulations  (FAR)  have  been 
significantly  modified  with  respect  to  seat/restraint  system  strength,  attachment  of  seats  to  the 
aircraft  structure,  and  the  means  by  which  they  are  to  be  evaluated.  Aircraft  accident  data,  human 
toleiance  levels,  and  aircraft  structural  characteristics  have  been  considered  in  the  development  of 
these  new  standards  [1].  Based  on  the  recommendations  of  a  joint  industry/govemment/academic 
committee,  FAR  Part  23,  which  deals  with  small  airplanes,  was  amended  to  require  dynamic 
testing  of  seats  and  restraint  systems  for  "normal  and  utility"  (general  aviation)  aircraft  with 
capacity  for  fewer  than  10  passengers  [2, 3].  Performance  criteria  are  similar  to  those  specified  by 
the  Federal  Motor  Vehical  Safety  Standards  for  automobiles  but  also  include  a  limit  on  "pelvic 
force,"  in  order  to  prevent  spinal  injuries  whicli  may  be  caused  by  the  vertical  component  of  impact 
force.  The  amended  regulations  apply  to  all  new  general  aviation  aircraft  manufactured  since  1989. 
Also,  FAR  Part  25  (transport  category  aircraft)  was  amended  to  require  dynamic  testing  of  seats 
and  restraint  systems,  although  to  less  severe  acceleration  levels  in  order  to  allow  for  the  larger 
stDjctures  of  those  aircraft  [4].  FAR  parts  27  and  29,  which  apply  to  rotorcraft,  have  also  been 
amended  to  include  dynamic  test  criteria. 

Another  category  of  aircraft  that  has  not  as  yet  been  affected  by  the  mie  modifications  is  the 
commuter  type  aircraft,  which  seats  10  to  19  passengers.  Since  this  airplarse  is  closer  in  size  to 
general  aviation  aircraft  than  to  large  transports,  it  is  also  covered  by  FAR  Part  23.  The  Federal 
Aviation  Administrarion  is  currently  involved  in  the  conduct  of  a  test  program  addressing 
commuter  aircraft  occupant  crash  safety.  In  support  of  this  effort,  a  research  prograni  that  includes 
full-scale  aircraft  drop  tests,  sled  tests  of  seats,  and  computer  simulations  is  being  conducted.  This 
report  describes  a  potential  set  of  test  conditions  and  acceptance  criteria  and  the  concurrent  research 
program  for  their  evaluation. 

COMMUTER  AIRCRAFT  SEAT  DYNAMIC  TEST  REOUIREMEFTrS 

A  possible  starting  point  for  developing  dynamic  test  criteria  for  commuter  airplanes  is  to 
establish  a  set  of  two  dynamic  tests  and  related  acceptance  criteria  similar  to  those  that  have  already 
been  adopted  for  general  aviation  but  with  more  severe  deceleration  levels.  For  the  first  test,  the 
seat  v/ould  be  pitched  upward  60  deg  on  the  sled,  so  that  the  impact  velocity  of  31  ft/s  has  forward 
and  downward  components  with  respect  to  the  seat.  The  deceleration  pulse  would  have  a  peak 
value  of  at  least  32  g,  which  should  occur  not  more  than  0.03  s  after  impact.  In  the  second  test, 
the  seat  is  positioned  upright,  but  would  be  yawed  10  deg  with  respect  to  the  impact  vector.  The 
impact  velocity  would  be  42  ft/s,  and  the  peak  deceleration,  26  g,  occurring  not  more  than  0.05  s 
after  impact.  The  two  test  conditions  arc  illustrated  in  Fig.  1.  In  order  to  account  for  the  effects  of 
the  floor  deformation  that  may  occur  in  an  accident,  the  floor  rail  on  one  side  of  the  seat  would  be 
rotated  10  deg  about  a  lateral  (pitch)  axis;  the  other  rail  would  be  rotated  10  deg  about  a 
longitudinal  (roll)  axis,  as  illustratetl  in  Fig.  2. 

Both  tests  use  a  50th  percentile  anthropomorphic  dummy;  the  dummy  must  include 
provision  for  measurement  of  pelvic  force,  the  force  that  is  transmitted  to  the  dummy  pelvis 
through  the  spinal  column.  By  means  of  exiensivt  =;x'>erimentation  using  modified  dummies  and 
comparison  of  those  test  results  with  injur>'  data  l  ’'litary  iection  seats,  this  compressive 
force  has  been  relatal  to  the  potential  for  injury  to  th  hiii.  >:ur  spint  due  to  an  upward  acceleration 
of  the  body  [5i. 

Suggested  pass/fail  criteria  include  a  requirement  that,  aiihough  defomiiuiois  of  the  seat 
structure  is  permitted,  attachments  of  the  scat  and  restraint  system  must  both  remain  intact, 
Specifx  injury- relaterl  limits  arc  a  Head  Injury  (.'ritenon  (HKb  of  !(KK),  a  feimir  load  of  2250  Hi, 
and  a  pe’vic  compressive  load  of  15(H}  lb.  Upper  torso  restraint  wtndd  be  icqtiired  only  for  the 
front  (fiilot)  seats,  where  the  load  in  a  single  shoulder  licit  siiould  not  exceed  1750  !  or  the  sum 
of  tfiC  ioad.s  in  dual  .straps,  2(KK)  lb. 
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Required  Velocity  and  Acceleration 


Fig.  1  Dynamic  tests  under  consideration  for  commuter-category  aircraft  seats. 


Fig.  2  M(.x>r  vv;ii'j)ing  reciuirerncnts  under  consideration  for  commuter  aircraf  t  sea!  te 
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In  on^ei’  to  investigate  the  applicability  and  practicality  of  proposed  FAR.  amendments  for 
commuter-type  a’lcraft,  the  FAA  Technical  Center  embarked  on  a  progiam  of  testing  and  analysis. 
Because  the  vertical  component  of  impact  forces  can  be  a  significant  part  of  the  occupant  injurious 
environment  in  an  airplane  crash,  testing  of  full-scale  aircraft  began  with  vertical  drops  to 
determine  the  nature  of  vertical  uccelciations  at  the  floor.  l*he  first  two  tests  used  airplanes  at  the 
smaller  end  of  the  commuter  category,  an  Aero  Commander  680E  and  a  Cesrna  421.  Fully 
instrumentexl  dummies  were  placed  in  all  seats.  Accelerometers  were  installed  on  the  floor  at  major 
frame  locations.  Each  aircraft  was  dropped  in  a  flat  configuration  onto  a  rigid  platform  from  a 
height  of  1 1.2  ft,  so  as  to  achieve  an  impact  velocity  of  26.8  ft/s,  equal  to  the  vertical  component  of 
the  c  ombined  longitudinal/vertical  test 

In  the  Aero  Commander  high-wing  aircraft,  the  wing  assembly  crushed  down  into  the 
cabin  up  to  a  maximum  penetration  of  more  than  20  in.  at  a  time  of  0.18  s  after  initial  impact,  as 
shown  in  the  phoicgry’ph  of  Fig.  3.  After  elastic  recovery  of  the  structure,  the  cabin  interior  height 
under  the  wing  was  found  to  have  been  reduced  by  moie  than  12  in..  The  subflocsr  structuie  in  the 
center  of  the  aircraft  crushed  less  than  0.5  in.  so  that  the  floor  between  the  inboard  seat  tracks 
remained  nearly  flat,  as  shown  in  Fig.  4.  Outboard  sections  of  the  floor  were  pushed  downward 
by  the  fuselage  sidewall.  The  outbo^  seat  track  on  the  right  side  of  the  aircraft,  moving  with  the 
floor,  was  pushed  down  approximately  1.7  in.  relative  to  the  center  floor  section  and  rotated  16 
deg  about  i»s  own  axis.  On  the  left  side  of  the  aircraft,  the  outboard  seat  track  was  pushed 
downwaid  approximately  1.5  in.  and  rotated  about  6  deg.  The  seats  (in  the  absence  of  longitudinal 
loading)  remained  in  place  on  the  tracks,  although  attachment  fittings  were  bent  and  the  seat  back 
structuie  on  two  of  them  failed  under  the  aftward  component  of  force  from  the  dummy.  The 
acceleration  measured  on  the  aircraft  floor  varied  ftom  one  location  to  another  but,  when  fiitercd  in 
accordance  with  SAE  Recommended  Practice  J21 1  [6],  exhibited  peak  values  between  20  and  50 
g,  in  the  range  of  the  proposed  32-g  seat  test  requirement. 

The  low- wing  Cessna  aircraft  did  not  experience  any  significant  deformation  of  the  cabin 
structure  in  the  flat  drop.  In  fact,  the  stiff  wing  structure  limited  crushing  of  the  subfloor  strtjcture 
to  less  than  1.0  n.  out  caused  accelerations  at  the  floor  that  exceeded  70  g. 


The  response  of  existing  commuter  aircraft  seat  designs  to  a  range  of  crash  conditions  has 
been  examined  using  the  SOM-LA  computer  program,  which  has  been  developed  under  FAA 
.sponsorship  f7,  81.  lliis  progranrs  combines  an  11-mass,  29  degree-of-freedom  model  of  the 
aircraft  occupant  with  a  finite  element  model  of  the  seat  structure.  As  a  check  on  validity  of  tlie  seat 
model,  the  conditions  of  the  Aero  Commander  vertical  drop  lest  were  first  simulated,  using  the 
acceleration  measured  at  the  flew,  and  the  predicted  seat  response  was  compaitul  with  tes*  result:;. 
The  SOM-LA  finite  element  model  of  the  Aero  Commander  seat  structure,  which  cenisists  mainly 
of  welded  steel  tubing,  is  shown  in  Fig.  5.  Nexles  1  thiough  4  are  attached  to  the  flcKu*.  1  he  lap 
belt  is  attached  to  the  seat  at  nodes  17  and  18.  During  simulation  of  tfie  26.8-fi/s  drop,  the  yield 
strength  of  the  steel  frame  was  reached  at  approximately  0.030  s  in  the  0.75  in.  diameter  tubular 
incn.ofifs  that  run  along  tire  left  and  right  sides  of  the  seat  (at  nodes  19  and  20).  A  maximum  force 
of  1950  lb  exerted  by  the  dummy  downward  on  the  seat  was  predicteti  at  a  time  of  {).0.i5  s.  At  that 
time,  the  side  tubes  were  bowed  dowrtward  approximately  0.52  in.  at  nodes  1  ^  and  20,  as  shown 
in  the  :;ide  view  presented  as  Fig.  6.  All  of  the  single- passenger  seats  instaiicd  in  the  aircraft 
duritig  the  test  experienced  defoimaiion  in  the  same  region  of  the  trame  as  pre  -cted.  '  vpicai 
deformation  can  be  seen  tn  Fig.  7.  Two  of  tite  seal  frames  l>cnt  enough  to  crack  in  she  vicinuv  of 
nodes  ^9  and  20  on  the  rntxlel.  as  show'ii  in  Fig.  8. 


AERO  COMMANDER  680E  SEAT 
TIME  -  0.0000  SEC 
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Fig.  5  Finite  element  model  of  Aero  Oomniander  scat  structure. 
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i-'oUowing  successful  stmulaticm  of  the  Aero  Co^nimndcr  scats  that  had  been  installed  in  the 
test  aiqsiane,  the  SOM-LA  piagram  was  used  to  analyze  the  response  of  three  existing  commuter 
aircraft  scat  designs  to  the  proposed  dynamic  test  conditions.  The  first  was  the  Aero  Commander 
sc4t  described  in  the  prccc^iig  paragraphs;  the  others  were  the  passenger  seats  used  in  two  of  the 
most  widely  used  contmjutcr  aiitmaft,  the  Bcechaaft  1900  and  the  F'airchild  Metro  III.  The  finite 
elcrrictu  models  of  the  Beech  and  Metro  scats  arc  illustrated  in  Figs.  9  and  10.  The  Beech  seat  is 
attached  to  the  aircraft  at  nodes  1,  2,  22,  and  27;  the  Mcuo  seat,  at  nodes  1,  2,  3,  and  4.  Results 
predicted  for  the  dummy  in  both  dynasriic  tests  an;  summarized  in  Table  1.  No  floor  defoirnations 
were  applied  in  the  simulations,  for  attempts  to  apply  the  proposed  floor  warping  requirements  in 
the  program  caused  failure  of  ail  three  scat  mixleis  in  the  vicinity  of  the  attachment  points. 
FurthciTOorc,  the  SOM-LA  program  haus  the  capability  to  bypass  the  finite  element  model  and 
simulate  a  rigid  seat,  which  supports  the  cushions  in  fixed  posi  tions  in  the  aircraft,  in  order  to 
demonstrate  the  rigi^ty  of  the  scats  and  the  need  for  energy  absorption  in  their  structures,  this 
option  was  exercis^  using  the  Metro  configuration,  and  its  results  are  also  included  in  Table  1  for 
comparison.  As  noted  in  Tabic  1,  the  Aero  Commander  seat  structure  failed  during  simulation  of 
test  condition  1,  prior  to  application  of  the  full  test  pulse.  Thicrcforc,  program  execution  was 
tenninated  before  the  dummy  response  reached  peak  v^ucs  of  accelerations  and  forces. 

Referring  Uj  the  simulation  results  for  test  condition  1 ,  the  maximum  pelvic  force  presented 
in  Table  1,  for  every  seat,  exceeds  the  propo.sed  acceptance  limit  for  compressive  force  (1500  lb). 
In  fact,  except  for  the  Aero  Commander  case,  in  which  the  seat  structure  failed  prematurely,  the 
compressive  load  predicted  is  more  than  twice  the  limit.  The  fact  that  the  }.>elvic  compressive  load 
for  the  Beech  and  Metro  scacs  is  close  to  that  predicted  for  the  rigid  scat  indicates  that  neither  seat 
provides  any  inSstrent  energy  absorption  capability  in  its  structure.  Therefore,  some  kind  of 
vertical  force  auenuating  mechanism  should  be  included  in  order  that  the  seats  be  capable  of 
meeting  the  pelvic  fcm:e  criteiion. 

Tabic  1.  Analysis  Results  for  Lap  Belt  Restraint 


Pelvis  (g) 


cceieraDon 
Chest  (g) 


Hcad(g) 


Neck  Moment^ 
(lb  in.) 


Aero  Crndr^' 

27.4 

24.6 

26.6 

5. 

2450. 

-G.0/+45.7 

Beech  !90(f 

46.5/1 61 

3  51 3/ 159.3 

55.0/261.3 

4840. 

-3480. 

-53.I/+84.1 

Metro  Ill 

48.1 

56,6 

57.4 

269. 

-3780. 

3 1 .7/+  111. 

Rigid 

47.5 

37.9 

58.8 

111. 

-3820, 

-3l,9/+l  14. 

Icsl2 

Aeni  Ondr^ 

28.0 

41.3 

74.9 

855. 

f:>72(). 

-.54.6/-}-95.9 

Beech  B'ltX) 

29.7/179 

3  50.8/184,3 

64,0/388  3 

104(K). 

+2940. 

•H6.4/+I52, 

Mem:!  ill- 

3L6 

,37.9 

6,3.3 

895, 

+  2540, 

•68.6/+ n  2, 

Rigid 

,i2.eV2’l5, 

3  58,7/142.3 

7!,  0/679. 3 

259(K) 

*■3430.  ; 

■7o.6/-t84,S 
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Fig.  9  BeechOTxft  1900  seat  model. 
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Tlic  tabuiatcci  results  predicted  for  test  coudirior).  2  are  inconclusive',  with  k^sjkci  lo  the 
propostxl  pass/fail  criteria.  The  iTja-Kimum  pcdvic  force  in  those  cases  is  frositive,  implying  tension, 
to  which  the  i'ljuiry  crilerion  does  not  apply.  Fhe  HlC  values  are  acceptable,  but  no  requirement 
has  been  irjcludedi  for  simulation  of  dte  passenger  environment  for  head  strikes,  such  as  on  the  seat 
back  in  front  of  the  passengers.  Bending  moment  in  the  neck,  also  presented  in  Table  1  as 
computed  liy  SC>M-L.A,  is  not  listevd  among  the  proposed  criteria.  However,  the  moments 
predicted  m  sirnuration  of  test  condition  2,  in  evety^  ctise,  esceed  tlie  neck  tolerance  limits  proposed 
by  Mertz  and  .Patrick  [9].  Simply  stated,  these  limits  are  6.5  lb-in,  for  flexion  and  35  lb-in.  for 
extension. 

The  baseline  conditions  being  investigated  would  require  upper  torso  restraint  for  the  pilot 
seats.  'Fherefore,  the  two  test  conditions  were  simulated  a  second  time  for  the  three  seat  designs, 
this  time  including  a  three-point  autonrotive-type  rcstraint  system.  Fiesults  arc  presented  in  Table 
2.  Dummy  segment  accelerations  profiicied  for  test  condition  2  were  reduced  below  those  of  Table 
1  due  to  the  prevention  of  head/chest  impact  on  the  legs,  and  all  the  predicted  HIC  values  were 
acceptable.  Tlterefore,  tliese  numbers  were  not  included  in  Table  2,  but  were  replaced  by  the 
maximum  shoulder  belt  load,  which  exceeds  the  1750-lb  acceptance  limit  for  test  condition  2 
applied  to  every'  seat.  Also  just  as  ptxidicted  in  the  lap  belt-only  cases  of  Table  1,  the  maximum 
pelvic  force  exceeds  tlte  1500-lb  limit.  As  noted  in  Table  2,  Iwth  the  Aero  Commander  and  Metro 
seats  failed  early,  before  the  dummy  reached  peak  response.  Strengthening  the  seats  lo  prevent 
these  structural  failures  would  undoubtedly  permit  the  tabulatai  forces  to  become  higher. 

Because  of  the  high  pelvic  loads  predict  -d  for  test  condition  1  with  its  32-g  peak 
deceleration,  another  set  of  simulations  was  perf'onued  in  w  hich  the  seat  models  were  subjected  to 
the  less  severe  dynamic  test  conditions  that  arc  required  by  FAR  Part  23  for  general  aviation 
passenger  seals.  Although  impact  velocities  and  impact  vector  orientations  remain  the  same,  tlie 
peak  dixelerations  are  reduced  to  15  g  and  21  g  for  tests  1  and  2,  respectively.  Results  fw  lap  belt- 
only  restraint  arc  presented  in  Table  3,  and  results  for  three-point  restraint  (as  retjuired  for  all 
general  aviation  seats),  in  Table  4. 


'[‘able  2.  Analysis  Results  foi  ITiree- Point  ResUitint 


Seat 

PeTvic  Ireree 
(lb) 

Neck  Moment 
(lb  rn.) 

!  Belt  Ijoad 

'  (lb) 

lesLl 

Aero  Crndr^' 

-2170, 

-0.23/ f ‘til,  9 

4,58, 

Btaxh  I9(X) 

-.2420. 

-43,0/-f8K.3 

880 

Metro  in- 

-3200, 

0.29/^35.0 

284, 

irigid 

3830. 

-36.1/H21. 

7.29, 

Aero  C''4TKir* 

■  5.56, 

■  0.0/ f  22.0 

2190. 

Beech  i'-NX? 

■1980, 

-3.8/i  126, 

2800. 
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-  ]  370. 
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1  able  3.  Analysis  Rcsuhs  for  GenemJ  A.yiadon  Passenger  Seat  1 'ests,  Lap  Bek  Restraint 


r~:  1 

Seat  j 

Pelvis  (g) 

Acceleration 
Chest  (g) 

Head  (g) 

j  HIC 

*  Pelvic  Force 
L0)  _j 

Neck  Moment  ’ 
(lb-in.) 

.IsSLl 
Aeix)  Crndr^ 

22.7 

20.8 

1 

17.7 

j  23,1 

-0.17/+49,5 

Beech  1900 

24.1 

23.8 

22.2 

35.0 

-25.2/ +41.0 

Metro  ni 

25.3 

27.2 

25,3 

61.0 

-12  9/+62.5 

Rigid 

25.2 

27.4 

25.6 

61.3 

•1840. 

-12.7/+62.9 

Test  2 

Aeio  Cmdr^ 

1 

14.6 

3.9 

6.0 

0.9 

427.4 

-2^.6/+0.54 

Beech  1900 

73.3/192.4 

62.8/294.4 

5790. 

+2630. 

-82.9/+ 129. 

Metro  ITI5 

24.7 

49,7 

67.7 

477.  1 

+3060. 

-52.4/+0.92 

Rigid 

50.0/222.^ 

5(,18/I76.4 

+3020. 

-73.£/+67.5 

Notes:  1.  Sign  convention  for  bending  nrontents:  4  -  flexion;  =  extension. 

2.  Aero  Commander  seat  structure  failed  at  0.093  s,  halting  ptogram  execution, 

3.  Aero  Comnaandtr  seat  structure  failed  at  0  065  s,  halting  program  execution. 

4.  Maximum  acceleration  tnagniaides  arc  before/after  impact  of  chest  &  head  on  legs. 

5.  Metto  seat  stnictmc  failed  at  0.122  s,  halting  progiam  execution. 


Table  4.  Analysis  Results  for  General  Aviation  Passenger  Seat  Tests,  'I’l’.ree-Point  Restraint 


Seat 

Pelvic  Force 
(lb) 

Ne,ck  Moment’ 
(Ib-in.) 

Belt  Load 
(lb) 

ISSLl 

Aero  Cnwlc' 

-1420. 

■•0.n/+55.4 

453. 

Beech,  1 91 X) 

-i6.m. 

-0.26/4  51.6 

715. 

Metro  ill 

-1880. 

-9.30/468.3 

240. 

Rigid 

1 880, 

-8,88/468,8 

233. 

,Aerr>  Cnrdr’ 

■f  1  *  9, 

-6.03/40,26 

1 

455. 

Beexdi  ?9(X) 

-  i  730. 

1  88/494  4 

246{.),  ^ 

Metro  ill'® 

- 1 6H0, 

-0.20,/4  87,  / 

2S6(),  1 

Rigid 

-I7{K>.  1 

■6,5(j/4  144, 

:>590.  1 
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A  major  concern  in  designing  for  occupaiit  sin-vivabiiity  is  due  ineitial  loading  of  the  seat  on 
the,  fittings  by  which  it  is  attached  to  the  aiiierad.  Because  of  the  large  downward  component  of 
force  it  produces  on  the  floor,  test  condition  1  tends  to  keep  the  seat  in  place.  Test  condition  2, 
however,  with  its  significant  forward  loading  component,  exerts  an  upwand  pull  on  the  rear  legs  of 
die  seat  and  represents  the  Ciitical  condition  for  seat  sts'engtl..  Tlie  l{>-deg  yaw  in  the  requirements 
serves  to  create  an  unsymmetric  loading  that  increases  the  severity  of  loading  on  one  of  the  reai 
attachments.  The  SOM-LA  program  determines  the  loading  at  tlie  seat  attachment  points  between 
tlie  seat  structure  and  die  aircraft,  results  that  can  be  useful  in  design  of  the  attachment  hardware. 
Furtlierraoie,  success  of  the  design  would  be  ultimately  demonstrate  by  testing. 

In  the  'preceding  section,  it  was  mentioned  that  ntme  of  the  three  seats  being  analysed  could 
survive  the  application  of  the  floor  warping  conditions.  Of  particular  concern  with  resjiect  to  seat 
retention  arc  diose  airaaft  in  which  one  side  of  each  seat  is  attached  to  the  side  t)f  the  fuselage, 
while  the  otiier  side  is  supported  on  the  floor.  This  configuration,  which  is  schematically 
illustrated  in  Fig.  1 1,  appears  in  some  of  the  most  ftequentl>i  used  commuter  aircraft,  including  tlie 
Beechcraft  191X>  and  the  Fairchild  Metro.  Fuselage  deformation  during  a  crash  can  cause 
significant  movement  of  outboard  seat  attachment  points  relative  to  the  inboard  legs,  which  may 
exceed  the  floor  waipage  conditions  specified  by  the  proposed  amendment.  The  investigation  of  a 
November  1987  accident  involving  a  Beech  1900  showed  that,  although  the  fuselage  remained 
intact,  "all  of  the  seats  separated  from  their  floor-  and  wall-mounted  seat  tracks."  The  crash  was 
fatal  to  botli  pilots  and  to  16  of  the  19  passengers,  and  "the  majority  of  the  injuries  sustained  by  the 
passengers  were  as  a  result  of  the  secondary  impact  after  the  seats  separated  from  their  tracks." 
[10]  Conruming  the  need  for  energy  absorption  in  tit:;  vertical  direction,  the  NTSB  estimated  that 
the  average  acceleration  along  the  vertical  axis  of  the  aircraft  during  initial  impact  ranged  firmi 
"19.8  to  35.7  g"  and  that  "the  vertical  velocity  change  was  about  42  feet  per  second  "  The  report 
states  futlher  that  "some  injuries,  such  as  aortic  ruptures,  were  ty^tical  of  a  severe  vertical 
deceleration." 

Returning  to  die  maticr  of  seat  retention,  tine  NTSB  reported  that  in  a  1980  crash  of  a 
Swearingen  Metro  aircraft,  "Despite  the  integrity  of  the  cabin  rma,  all  of  the  1 3  occupied  passenger 
seats  separated  from  their  attachmento  during  the  impact  setiuence,  leading  to  the  (1 1)  fatal  and  (2) 
nonfatai  injuries  to  the  passengers."  [1 1]  Although  pas.senger  seat  configuiaticn  remain.s  basically 
the  same  in  the  cunent  Metre*  Ill  aircraft,  attachment  hardware  has  been  improved. 
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Based  on  anidyses  of  the  proposed  test  conditions,  several  conclusions  can  be  drawn. 
First,  the  close  spacing  of  passenger  seat  .tows  in  commuter  aircraft  make.s  heiul  impact  against  the 
seat  back  likely  in  an  accide-nt  with  a  significant  longitudinal  acceleration,  as  represented  by  test 
condition  2.  Afdiough  the  proposed  amendment  specifies  a  H5C  limit,  it  could  also  it;c!ude  a 
method  for  evaluating  the  actual  pa.ssengcr  environment,  such  as  by  the  use  of  two  seat  rows  in  a 
dynamic  test.  For  such  case's,  the  possihiiity  of  neck  injury  should  atsv>  considered.  Refciem:e 
12  describes  a  study  of  the  effect  of  seat  design  parameters,  iaeJuding  se;ai  row  spacing  and  seat 
back  stiffness,  oit  the  [xnenliai  for  pasitenger  itijury  in  trans|x>rt  aircraft.  Analyses  reported  there 
used  data  from  sled  tests  that  w'ere  ctinductcd  using  two  seat  rows,  as  shown*  ui  Fig,  12  jldf 
Impac!  vckKh'iics  were  approximately  44  ft/s,  and  deccleratiirn  ievefs,,  9  to  16  g.  ih-ad  inipacis 
[''cdicted  by  computer  simulations  pro<-luced  HlC  values  stgrtiticatniy  above  HKK>  ;u*d  neck 
moments  in  e.v.ter!s.ionai  bending  ct>nsjf.terablv  aixrve  the  limits  m‘omnx'ndi.-d  by  aru!  .FalocL 

Fo<  commuter  scat  test  condition  2  as  dcticrtlrcd  sn  Fig.  I,  the  26-g  dc;  cict.!.uon  level  itppcars  a> 
TicvKlate  the  u'a-  of  up|:>cr  tetrs*:*  sesmunt  fivr  ail  scats  in  the  aireraft. 


Ffie  high  pelvic  loails  [.nedick-d  i>y  the  SOM  S.A  program  tor  :e;> 
etsvrgy  absorption  in  the  vertical  directioc  woiild  b<;  necessary  {*?'  nice 
number  of bmeh  wais  have  fecn  lieveioped  n.4,  Ibg  and  those  that  Lave 
aimatt  have  nernis'htiatw?  henefirial  rrsuiis  ii6.,  1*' j. 
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Seat  retention  has  Ixxn  a  problem  in  accidents  involving  commuter  aircraft.  The  floor 
defonoadons  produced  by  the  Aero  Commander  drop  test  indicate  that  the  lO-deg-pi  tch/lO-deg  roll 
floor  warp  conditions  me  no  more  severe  than  deformations  produced  in  actual  floor  stnictures; 
some  aircraft  may  force  even  greater  displacements  on  tiieir  seats.  It  appears  from  the  SOM-L  A 
simulations  that  none  of  the  tliree  seats  modeled  would  survive  these  wso^^ing  displacements,  so 
that  introducing  new  seats  or  modifying  current  seat  designs  to  accommodate  these  displacements 
would  certainly  represent  an  improvement  'fhe  FAA  Technical  Center  is  planning  a  drop  test  of  a 
Metro  III  aircraft  in  1991.  It  would  appear  desirable  to  install  on  that  aiiicraft  some  seats  that  have 
been  designed,  or  at  least  modified,  to  meet  the  floor  warp  conditions. 

The  acceleration  environment  inside  the  aircraft  cari  vary  considerably  from  one  aircraft 
model  to  another,  as  demonstrated  by  the  drop  tests  of  the  Aero  Commander  atid  Cessna  aircraft. 
A  seat  tliat  might  stay  in  place  under  the  proposed  floor  warp  conditions  could  break  loose  due  to 
high  inertial  loads  in  an  aiicraft  that  has  a  stiff  underfloor  structure,  such  as  tfie  Cessna  421.  The 
U.S.  Army  approach  that  has  been  used  in  design  of  two  helicopters,  the  lJH-60  Black  Hawk  and 
the  AH-64  Apache,  is  to  specify,  in  addition  to  design  and  testing  requirements  for  the  seats, 
crashworthiness  requirements  for  the  complete  aircraft,  including  the  landing  gear  and  the  fuselage 
structure.  Compliance  with  these  requirements  may  be  demonstrated  by  analysis. 
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